Helicobacter bacteria colonize in the stomach and induce strong, specific local and systemic humoral and cell-mediated immunity. Helicobacter binds to the host epithelial cells, directly triggering the recruitment of neutrophils. Local inflammatory processes in the gastric mucosa are followed by extensive immune cell infiltration, resulting in chronic active gastritis characterized by a marked infiltration of T h 1 cytokine-producing CD4 1 T cells. The mechanisms underlying the development of T h 1 cell-mediated chronic gastritis, however, are not clear. Peyer's patches (PPs), the major inductive sites for mucosal immunity in the gut system, might orchestrate Helicobacter-specific local and systemic humoral and cell-mediated immunity. To examine the roles of PPs in the development of Helicobacterinduced gastritis, we generated PP-null mice that normally develop well-organized lymphoid organs except for PPs and intra-gastrically infected the resulting PP-null mice with Helicobacter felis. PP deficiency severely impaired both the development of T h 1 cell-mediated gastritis induced by Helicobacter and the production of anti-Helicobacter antibodies despite marked bacterial colonization of the gastric mucosa. Although PP deficiency did not impair the differentiation of Helicobacter-specific CD4 1 T cells into IFN-g-producing T h 1 cells, Helicobacter-specific IFN-g-producing CD4 1 T cells in PP-null mice lacked the ability to migrate into Helicobacter-colonized gastric mucosa. These findings suggest that PPs have an important role in Helicobacter-specific local and systemic humoral and cellmediated immunity, including the development of Helicobacter-induced gastritis.
Introduction
Helicobacter bacteria colonize in the stomach and induce strong, specific local and systemic humoral and cell-mediated immunity (1, 2) . Helicobacter does not invade epithelial cells of the gastric mucosa, but binds to the host epithelial cells (3, 4) . Helicobacter activates signal transduction molecules in the epithelial cells and induces up-regulation of IL-8 expression, directly triggering the recruitment of neutrophils (5) (6) (7) (8) . The innate immunity mediated by neutrophils and macrophages is involved in the local inflammatory processes in the acute phase of gastritis, whereas the adaptive immunity mediated by infiltrating T cells and B cells has a major role in the chronic phase of gastritis and in specific humoral responses (1, 2) .
Helicobacter-induced chronic gastritis, which triggers the development of peptic ulcer diseases, gastric adenocarcinoma, and mucosa-associated lymphoid tissue (MALT) lymphoma in humans (1, 2, 9) , is characterized by a marked infiltration of CD4 + T cells, which produce large amounts of T h 1 cytokines (10, 11) . The mechanisms underlying the development of T h 1 cell-mediated chronic gastritis induced by Helicobacter are not fully understood. Although the gastric mucosa originally does not have a lymphoid apparatus (12) , Helicobacter-induced local inflammatory processes in innate immunity might trigger gastric T cell expansion and B cell differentiation. Because Helicobacter antigens can easily access the intestinal lumen distal to the stomach, however, it might be that these antigens induce mucosal immune responses in the well-organized MALT of the intestine.
Peyer's patches (PPs) are the major inductive sites for MALT in the gut system (13) . The microfold cells (M cells) residing in the follicle-associated epithelium overlying PPs efficiently take up luminal antigens and micro-organisms. Resident PP-dendritic cells (DCs) process and present these molecules to T cells and orchestrate immune responses to luminal antigens and pathogens, including specific Ig production and T h 1 cell-mediated immune responses (14) (15) (16) (17) . Therefore, PPs may have a role in inducing both the recruitment of the Helicobacter-specific T h 1 cells into the Helicobacter-colonized gastric mucosa and the differentiation of anti-Helicobacter antibody-producing cells.
Because IL-7Ra signal has an essential role in the embryonic formation of PPs, administration of anti-IL-7Ra blocking mAb into C57BL/6 (B6) pregnant mice can transplacentally disturb PP formation in the offspring (18) . The PP-null offspring normally develop well-organized lymphoid organs except for PPs (14, 18, 19) . To examine the in vivo role of PPs in the development of Helicobacter-induced gastritis and in the production of anti-Helicobacter antibodies, we generated PP-null B6 mice by administering anti-IL-7Ra mAb to B6 pregnant mice, then intra-gastrically infected the resulting PP-null mice with Helicobacter felis (H. felis). The development of Helicobacter-induced gastritis and the production of anti-Helicobacter antibodies were severely impaired in Helicobacter-infected PP-null mice, despite the marked colonization of bacteria in the gastric mucosa. These findings suggest that PPs have an essential role in the host immune response to Helicobacter infection.
Methods

Mice
B6 were purchased from Japan SLC (Shizuoka, Japan) and mated in our animal facility. Female and male mice were mated overnight, and those with a vaginal plug were judged to be pregnant. Noon of the day when the vaginal plug was found was considered to be gestation day 0.5. We obtained manipulated PP-null B6 mice as described previously (18) . In brief, timed-pregnant B6 mothers were intra-peritoneally injected with IL-7Ra blocking mAb (2 mg; A7R34, a kind gift from S. Nishikawa, Kobe, Japan) on gestation day 14.5. All mouse protocols were approved by the Institute of Laboratory Animals at the Kyoto University Graduate School of Medicine.
Helicobacter felis and infection
Helicobacter felis is a gastric Helicobacter that colonizes in the stomach of laboratory mice, dogs and cats, and can induce chronic active gastritis (20) (21) (22) (23) (24) . Helicobacter felis (ATCC49179) was purchased from the American Type Culture Collection (Rockville, MD, USA). The bacteria were grown in Brucella broth at a titer of 1 3 10 8 organisms per ml. The bacterial suspension was stored at À80°C until use. Normal B6 and PP-null mice (8 weeks old) were inoculated with 0.5 ml of bacterial suspension into the stomach using a steel catheter.
Bacterial staining
Helicobacter felis was labeled with the red fluorescent lipophilic dye PKH26, using a PKH26 red fluorescent cell linker mini kit (Sigma, St. Louis, MO, USA). Helicobacter felis was harvested from the culture medium, washed twice with PBS, adjusted to 4 3 10 8 ml À1 with labeling buffer and incubated with an equal volume of a PKH26 dilution (1:250 in labeling buffer) for 5 min at 25°C. The reaction was stopped with PBS containing 1% BSA. Stained bacteria were then washed three times with complete medium, and were finally resuspended in Brucella broth to a concentration of 1 3 10 8 ml
À1
. Fluorescence emission of bacteria was determined by fluorescence microscope before oral administration. Three days after inoculation of bacteria, mice were sacrificed, and the PPs and small intestines were immediately removed and were frozen for immunohistochemistry.
Immunohistologic analysis
Fluorescence immunohistology was performed on frozen sections as follows using FITC-conjugated anti-CD11c (HL3, BD Biosciences, San Jose, CA, USA), anti-CD4 (RM4-5, BD Biosciences) or anti-CD8 (53-6.7, eBioscience, San Diego, CA, USA). Sections of 6 lm were cut from tissue blocks and mounted onto glass slides. The sections were air-dried for 30 min, fixed in acetone for 5 min and blocked with PBS containing 10% non-fat dried milk for 30 min. The sections were stained with FITC-conjugated antibodies for 1 h. After the final wash, the slides were mounted by Vectashield (Vector Laboratories, Burlingame, CA, USA) and examined under a fluorescence microscope. In case of chemokine receptor staining, after using Avidin/Biotin Blocking kit (Vector Laboratories), the sections were stained with anti-CC chemokine receptor (CCR)-9 (242503, R&D Systems, Minneapolis, MN, USA) for 1 h, followed by staining using Vectastain Elite ABC Kit (Vector Laboratories) according to the manufacturer's instructions. And lastly the sections were incubated with Texas Red Avidin D (Vector Laboratories) or FITC-conjugated streptavidin (eBioscience) for 30 min.
Histologic examination
Mice were sacrificed 6-12 weeks after inoculation, and the stomachs, spleens, mesenteric lymph nodes (MLN), PPs and small intestines were immediately removed. Half of the stomach was collected for the assessment of H. felis colonization and histologic examination. Tissues were fixed in neutral buffered formalin, embedded in paraffin wax and cut into 4-lm thick sections. These sections were stained with hematoxylin and eosin for histopathology and May-Giemsa for the assessment of H. felis colonization. The other half of the stomach was frozen for immunohistochemistry. The degree of gastritis was determined according to the semi-quantitative scoring system as described previously (25) . Chronic inflammation, characterized by the infiltration of mononuclear cells, was graded from 0 to 3, where 0 = no increase in the number of inflammatory cells, 1 = slight infiltration of the lamina propria (LP) by lymphocytes and plasma cells, 2 = moderately dense infiltration of the LP by lymphocytes and plasma cells and 3 = very dense lymphoplasma-cell infiltration in the LP. Activity, characterized by the presence of polymorphonuclear leukocytes, was graded from 0 to 3, where 0 = no increase in inflammatory cells, 1 = scattered neutrophils in the LP with no leukopedesis in the region of the gastric pits, 2 = moderate number of neutrophils in the LP with microabscesses in the region of the gastric pits and 3 = extensive neutrophils in the LP with obvious cryptitis. Atrophic changes were graded from 0 to 3 according to the loss of specialized cells, chief and parietal cells, (0 = no loss, 1 = mild loss of specialized cells, 2 = moderate loss of specialized cells and 3 = severe loss of specialized cells). The degree of colonization of H. felis in the infected gastric mucosa was assessed by the semi-quantitative scoring system as described previously (25) . Bacterial colonization was graded from 0 to 4, where 0 = no bacteria, 1 = 1-2 bacteria per crypt, 2 = 3-10 bacteria per crypt, 3 = 11-20 bacteria per crypt, and 4 = >20 bacteria per crypt.
ELISA
An ELISA was used to measure serum levels of anti-H. felis antibody as described previously (26) . Helicobacter felis antigens were extracted by sonication of bacteria in trisbuffered saline (pH 7.4, 0.01 mol l
À1
). Duplicate wells of microtiter plates (Nunc, Roskilde, Denmark) were incubated with antigens (100 lg ml
) in PBS for 16 h at 4°C. The wells were blocked with PBS containing 2.5% non-fat dried milk and then incubated for 2 h at room temperature with serial dilutions of sera. The wells were then incubated with HRPlabeled goat anti-mouse IgG or goat anti-mouse IgA (Serotec, Oxford, UK) diluted at a predetermined concentration for 24 h at 4°C. After rigorous washing, each well was reacted with a substrate (o-phenylenediamine, Nacalai tesque, Kyoto, Japan) solution for 15 min. The reaction was terminated using 25 ll of 2 mol l À1 H 2 SO 4 , and optical denstiy (OD) was determined using a microplate reader set to 490 nm.
For quantitation of serum Ig isotype levels, serum samples were diluted to 1:24 000 for IgM, 1:120 000 for IgG and 1:6000 for IgA in PBS, were incubated in microtiter plates coated with antibodies to each isotype and then with alkaline phosphatase (AP)-labeled isotype-specific antibodies (Southern Biotechnology, Birmingham, AL, USA). ELISA color development was performed using phosphatase substrate p-nitrophenyl phospatate tablets (Sigma), and OD was determined using a microplate reader set to 405 nm.
Adoptive transfer
A total of 1.0 3 10 7 spleen cells from H. felis-infected or uninfected normal B6 and PP-null mice were injected intraperitoneally three times every 4 days into H. felis-infected or uninfected RAG2
À/À recipient mice. After 6 days after the completion of transfer, the mice were killed, and the spleen, small intestine and stomach were analyzed by immunohistologic staining with FITC-conjugated anti-CD4.
Flow cytometry
The following mAbs were used: FITC-conjugated anti-CD4 (RM4-5), biotinylated anti-CCR5 (C34-3448), allophycocyanin (APC)-conjugated anti-CD4 (GK1.5), anti-IFN-c (XMG1.2) and PE-conjugated anti-a4b7 (DATK32) purchased from BD Biosciences and PE-conjugated anti-CCR6 (140706) and anti-CCR9 (242503) from R&D Systems. FITC-conjugated anti-CD8a (53-6.7) and PE-streptavidin was from eBioscience. For intracellular cytokine production, single cells were isolated from the spleen and cells were seeded at 4 3 10 6 per well in flat-bottomed 24-well plates in the presence of 4 3 10 6 ml À1 H. felis antigens. After 18 h of culture, cells
were washed twice and re-stimulated with 50 ng ml À1 phorbol myristate acetate (PMA) (Sigma) + 2 lg ml À1 ionomycin (Sigma). After 3.5 h, brefeldin A (Sigma) was added at 10 lg ml À1 . After 2.5 h, cells were collected, and stained for cell-surface molecules. Cells were fixed and permeabilized, using Fix & Perm Cell Permeabilization Kit (Caltag Laboratories, An Der Grub, Austria), and stained with APC-conjugated anti-IFN-c. Flow cytometric analysis was performed as described previously (27) .
Real-time quantitative reverse transcription-PCR
The gastric tissues of B6 mice before and 1 day, 2 weeks, 4 weeks, and 12 weeks after H. felis infection were used for real-time quantitative reverse transcription (RT)-PCR. Total RNA was extracted with the Qiagen RNeasy mini kit (Qiagen). RT was done with SuperScript RT II (Invitrogen, Carlsbad, CA, USA). The real-time quantitative reactions were performed with ABI Prism 7300 detection system (Applied Biosystems, Foster City, CA, USA) according to manufacture's instructions. The following primers were used: thymus-expressed chemokine (TECK): 5 -CCGGCATGCTAGGAATTATCA-3 and 5 -GGC-ACTCCTCACGCTTGTACT-3 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH): 5-CAACTTTGTCAAGCTCATTTCC-3 and 5 -GGTCCAGGGTTTCTTACTCC-3 . Values are expressed as arbitrary units (relative to GAPDH 310 5 ).
Results
Helicobacter can be taken up by PPs in association with CD11c + cells in PPs
Because PPs are the major inductive sites for MALT in the gut system and efficiently take up luminal antigens and microorganisms, we first examined whether Helicobacter can be taken up by PPs more efficiently than by the other sites of the small intestine. Helicobacter felis was labeled by a red fluorescent dye PKH26 and PKH-conjugated H. felis was intra-gastrically injected into B6 mice. Immunohistologic analyses using frozen sections of the small intestine 3 days after the injection showed that PKH-H. felis antigens were mainly located in the dome regions of PPs comparing with other sites of the small intestine ( Fig. 1 and data not shown). Visualized H. felis antigens were localized in the CD11c + cells (Fig. 1) . These results suggest that Helicobacter can be taken up by PPs more efficiently than the other sites of the small intestine and that CD11c + cells in PPs take up H. felis antigens and may induce Helicobacter-specific antigen priming.
PP-null mice develop well-organized lymphoid organs except for PPs
Helicobacter infection induces chronic gastritis that is characterized by a marked infiltration of CD4 + T cells and the infiltrating CD4
+ T cells have a major role in the chronic phase of gastritis (10, 11) . In addition, Helicobacter infection induces B cell activation and specific humoral responses (1, 2). We first examined whether uninfected PP-null mice develop well-organized lymphoid organs except for PPs. In uninfected PP-null mice, the thymus normally developed and the absolute numbers of CD4
+ T cells and B cells in the spleen, MLN and inguinal lymph nodes (ILN) were comparable with those in B6 mice ( Fig. 2A and B , and data not shown). The peritoneal cavity contained a comparable number of the lymphocytes and the percentages of B cell subsets (data not shown). In addition, the serum levels of IgM, IgG and IgA in uninfected PP-null mice were similar to those in B6 mice (Fig. 2C) . These data suggest that cellular composition of the remaining lymphoid organs and general humoral responses are normal in PP-null mice as described previously (14, 18, 19) .
Development of Helicobacter-induced gastritis was impaired in Helicobacter-infected PP-null mice
Because B6 mice are sensitive to H. felis infection (21), infected B6 mice develop chronic active gastritis 12 weeks after H. felis infection, which mimics the pathologic features observed in Helicobacter pylori-induced gastritis in humans (21, 26) . To examine the in vivo role of PPs in the development of Helicobacter-induced gastritis, we intra-gastrically infected PP-null and B6 mice with H. felis. Twelve weeks after H. felis infection, macroscopic examination revealed that the gastric mucosa was thicker in H. felis-infected B6 mice, but not in H. felis-infected PP-null mice (data not shown).
Histologic examination revealed that the gastric mucosa in H. felis-infected B6 mice had chronic gastritis with severe lymphocyte infiltration, loss of parietal and chief cells and hyperplasia of the mucus neck cells (Fig. 3A) . These findings were further confirmed by a gastritis scoring system that evaluates (i) chronic inflammation, characterized by the infiltration of mononuclear cells; (ii) activity, characterized by the presence of polymorphonuclear leukocytes and (iii) atrophic changes based on the loss of parietal and chief cells (Fig. 3B) . In contrast, H. felis-infected PP-null mice showed limited inflammation of the gastric mucosa without any glandular atrophy or foveolar hyperplasia ( Fig. 3A and B) . These data suggest that PP-null mice do not develop Helicobacter-induced chronic active gastritis.
Anti-Helicobacter antibody production was impaired in Helicobacter-infected PP-null mice
To examine whether PP deficiency influences the production of anti-Helicobacter antibodies, we used an ELISA to examine the serum levels of anti-H. felis antiobodies in normal B6 mice and PP-null mice 12 weeks after H. felis infection. The increases in serum anti-H. felis IgG and IgA levels in H. felisinfected PP-null mice were significantly smaller than those in H. felis-infected B6 mice (Fig. 4A) . In addition, although anti-H. felis antibody titers were proportional to the gastritis scores in H. felis-infected B6 mice, there was no such tendency in H. felis-infected PP-null mice (Fig. 4B) . These results suggest that PP deficiency impairs not only the development of Helicobacter-induced gastritis but also the production of anti-Helicobacter antibodies. Although previous studies showed that antibody production can reduce the severity of the gastric inflammation in Helicobacter infection (28, 29) , our results suggest that the impairment of the development of H. felis-induced gastritis is not due to excessive production of pathogen-specific antibodies in PP-null mice.
Helicobacter felis markedly colonized in the gastric mucosa of H. felis-infected PP-null mice To evaluate the possibility that H. felis infection in PP-null mice was quickly resolved, and did not result in chronic inflammation of the gastric mucosa, we examined the degree of H. felis colonization in H. felis-infected PP-null mice. Although H. felis-infected PP-null mice did not develop gastritis, H. felis was extensively colonized in the gastric mucosa of these mice and the colonization scores in PP-null mice were significantly higher than those in normal B6 mice ( Fig. 4C and D) , excluding the possibility of a colonization defect or a quick resolution for H. felis infection in H. felisinfected PP-null mice.
PP deficiency did not impair the differentiation of Helicobacter felis-specific T cells into T h 1 cells
Helicobacter-induced chronic gastritis is characterized by a marked infiltration of IFN-c-producing CD4 + T cells. To investigate whether the differentiation of H. felis-specific T cells into T h 1 cells is impaired in H. felis-infected PP-null mice, we isolated spleen cells from normal B6 and PP-null mice 6 weeks after H. felis infection and cultured them in the presence of H. felis antigens followed by stimulation with PMA and ionomycin. IFN-c production was assessed by intracellular cytokine staining followed by flow cytometry. 
PP deficiency did not alter the migration of gut-homing T cells to the LP of the small intestine, but severely impaired Helicobacter felis-specific T cell infiltration into the stomach
PP-DCs direct immune responses to luminal antigens and pathogens, determining the migration of CD4
+ T cells into MALT in the gut system (15) . Therefore, we performed immunohistologic examination to assess the migration capacity of non-specific conventional gut-homing CD4 + T cells into the small intestine and that of H. felis-specific CD4 + T cells into the gastric mucosa after H. felis infection.
Before and after H. felis infection, the LP of the small intestine contained a comparable number of CD4 + T cells in both B6 and PP-null mice, suggesting that PP deficiency does not alter the migration capacity of non-specific conventional gut-homing CD4 + T cells in the physiological MALT system (Fig. 5A-F) . In contrast to the small intestine, because of the absence of physiological MALT system in the gastric mucosa, gastric mucosa of both normal B6 mice and PP-null mice do not have any CD4 + T cells before H. felis infection (Fig. 5G and J) . After H. felis infection, infiltrating lymphocytes in the gastric mucosa of B6 mice mainly consisted of CD4 + T cells, but not CD8 + T cells, whereas neither CD4 + T cells nor CD8 + T cells were detected in the gastric mucosa of PP-null mice (Fig. 5H, I , K and L and data not shown), suggesting that the bacteria colonization in the stomach induces the infiltration of CD4 + T cells in normal B6 mice, but not in PP-null mice. These data suggest that PP deficiency may not alter physiological migration of gut-homing T cells to the LP of small intestine, but may impair the infiltration of H. felis-specific CD4 + T cells into the H. feliscolonized gastric mucosa.
To test this possibility further, we transferred spleen cells from PP-null and B6 mice into the peritoneal cavity of Helicobacter felis colonization score in H. felis-infected PP-null mice (PP null) was significantly higher than that in H. felis-infected normal B6 mice (C57BL/6 WT). The degree of H. felis colonization in the infected gastric mucosa was assessed as described in the Methods. Bars indicate the mean of each group. Student's unpaired t-test was used to compare the values between two groups. Asterisk indicates P < 0.05.
RAG2
À/À mice and analyzed lymphoid tissues 6 days after the completion of transfer. When we transferred spleen cells from uninfected PP-null and B6 mice into uninfected RAG2 À/À mice, a large number of CD4 + T cells could be detected in the LP of small intestine but not in the gastric mucosa of recipient uninfected mice regardless of the presence of the PP in donor mice (Fig. 6A, B, G and H) . Next, when we used H. felis-infected PP-null and B6 mice for donor mice, CD4 + T cells could be detected only in the LP of small intestine but not in the gastric mucosa of uninfected recipient mice (Fig. 6C, D, I and J). Taken together, the migration of CD4 + T cells into the LP of small intestine in these settings appears to represent the constitutive recruitment of conventional CD4 + T cells and uninfected gastric mucosa is not the site for the constitutive recruitment of conventional CD4 + T cells. Importantly, uninfected gastric mucosa do not allow the infiltration of bacteria-specific CD4 + T cells, suggesting that the infiltration of bacteria-specific CD4 + T cells depends on H. felis colonization in the gastric mucosa. Last, H. felis-colonized gastric mucosa of the recipient RAG2 À/À mice allows the infiltration of CD4 + T cells of H. felis-infected B6 donor mice but not those from the H. felis-infected PP-null donor mice (Fig. 6E, F, K and L) , suggesting that PP deficiency severely impairs the infiltration of H. felis-specific CD4 + T cells into the H. felis-colonized gastric mucosa.
Helicobacter felis-specific T h 1 cytokine-producing cells in PP-null mice lacked the ability to migrate into H. feliscolonized gastric mucosa PP-DCs instruct naive T cells to differentiate into gut-homing T cells that express gut-homing chemokine receptors, such as integrin a 4 ß 7 , and CCR9 (15) and infiltrating T cells in Helicobacter-induced gastritis express these chemokine receptors (30) (31) (32) . CCR5 is a chemokine receptor expressed on T h 1 cells that promotes their migration and CCR5-CCL5 interaction is indispensable for the induction of acute graftversus-host disease mediated by PPs (14) . CCR6 is expressed on CD4 + T cells and CCR6-MIP-3a/CCL20 interaction play an important role in mucosal immunity (33, 34) Therefore, we firstly analyzed CD4 + T cells in PPs and the spleen of uninfected normal B6 and PP-null mice for the anti-chemokine receptor antibodies. Freshly isolated total CD4 + T cells in PPs of uninfected B6 mice contained the large populations expressing CCR5, CCR6 and CCR9 but not integrin a 4 ß 7 (Fig. 7A, upper panels) . However, the percentage of chemokine receptor-expressing cells in CD4 + T cells of the spleen in uninfected PP-nulll mice was not lower than those in B6 mice (Fig. 7A , middle and lower panels). The relative size of the CD4 + T cell compartments expressing chemokine receptors are directly proportional to the CD4 + T cell number because total CD4 + T cell numbers in the spleen did not vary between uninfected PP-null and B6 mice ( Fig. 2A and B) .
To further examine the roles of chemokine receptor expression of H. felis-specific IFN-c-producing CD4 + T cells in H. felis-infected mice, we isolated spleen cells from H. felis-infected normal B6 mice and PP-null mice at 9 weeks after H. felis infection and re-stimulated these cells with or without H. felis antigens, followed by the stimulation of PMA and ionomycin. Without H. felis antigen re-stimulation ex vivo, non-specific IFN-c-producing CD4 + T cell populations that express chemokine receptors, CCR5, CCR6 and CCR9 were comparable between H. felis-infected normal B6 mice and PP-null mice (Fig. 7B, left panels) . In contrast, after H. felis antigen re-stimulation, the percentage of IFN-cproducing CD4
+ T cell population expressing CCR9, but not CCR5 and CCR6 in H. felis-infected PP-null mice, was markedly lower that of H. felis-infected normal B6 mice (Fig. 7B , right panels). These data suggest that PP deficiency impairs differentiation of H. felis-specific CD4 + T cells into CCR9-expressing cells that have the capacity to migrate into the gastric mucosa.
We then investigated expression of CCR9 and CCR9 ligand, TECK/CCL25 in H. felis-induced inflamed gastric mucosa. Immunohistologic examination of the gastric mucosa revealed that CCR9-expressing cells could be detected in the inflamed gastric mucosa of H. felis-infected B6 mice, but not in that of uninfected B6 mice (Fig. 8A and data not  shown) . CCR9-expressing cells in the LP of gastric mucosa (Fig. 8B, upper panels) and in the submucosa of the stomach (Fig. 8B , middle panels) are CD4 positive, whereas non-gut-homing CD4
+ T cell population in the ILN do not have any CCR9-expressing cells (Fig. 8B, lower panels) . In addition, real-time quantitative RT-PCR analysis revealed that H. felis infection can significantly induce the expression of CCR9 ligand, TECK/CCL25 in the stomach of B6 mice (Fig. 8C) . Taken together, TECK/CCL25-CCR9 interaction in gastric mucosa may be involved in the migration of H. felis-specific CD4 + T cells into the H. felis-infected gastric mucosa.
Discussion
In the present study, we generated PP-null mice by administering IL-7Ra blocking mAb into the dams during pregnancy (18) . PP-null mice developed well-organized lymphoid organs except for PPs, and general systemic humoral immunity was normal in PP-null mice. These findings are consistent with previous reports describing PP-null mice (14, 18, 19) . Thus, PP-null mice are good models for studying the pathophysiologic roles of PPs in various gastrointestinal diseases. Interestingly, in H. felis-infected PP-null mice, both the development of gastritis and H. felis-specific antibody production were severely disturbed despite marked H. felis colonization in the gastric mucosa. These data clearly demonstrated that PPs have critical roles in host immune responses to Helicobacter infection. Importantly, in PP-null mice, the differentiation of H. felis-specific CD4 + T cells into CCR9-expressing cells was disturbed. Thus, failure of both the development of H. felis-induced gastritis and the production of H. felis-specific antibodies in PP-null mice might be due to the loss of migration ability of H. felis-specific CD4 + T cells into the gastric mucosa. In support of such an idea, previous studies demonstrated that Helicobacter and its secreted products enhance the expression of CCR9 on activated T cells and integrin a 4 ß 7 is indispensable for the migration of CD4 + T cells to the gastric mucosa in Helicobacter infection (30-32). Feng et al. (35) reported that during rotavirus infection, IgA plasmablast migration into the small intestine requires integrin a 4 ß 7 along with either CCR9 or CCR10. In addition, Staton et al. (36) showed that direct migration of CD8 + recent thymic emigrants into the small intestine requires CCR9-CCL25 interaction and integrin a 4 ß 7 . Therefore, integrin a 4 ß 7 in addition to CCR9 may be required for the infiltration of H. felis-specific CD4 + T cells into the bacteria-colonized gastric mucosa.
Helicobacter-induced chronic gastritis is characterized by a marked infiltration of IFN-c-producing CD4 + T cells (10, 11) . Moreover, the development of Helicobacter-induced gastritis is severely impaired in mice lacking CD4
+ T cells or IFN-c production (37, 38) . These data indicate that IFNc-producing CD4 + T cells are essential for the development of chronic gastritis by Helicobacter. The present study demonstrated that in H. felis-infected PP-null mice, there was no infiltration of CD4 + T cells in the gastric mucosa, although there were IFN-c-producing CD4 + T cells specific for H. felis among the spleen cells. Together with previous reports, the present findings suggest that PPs have a critical role in instructing Helicobacter-specific IFN-c-producing CD4 + T cells to migrate into the gastric mucosa. Recent studies indicate that both PP-DCs and MLN DCs derived from PP and the LP of small intestine can instruct T cells to express gut-homing chemokine receptors, integrin a 4 ß 7 , and CCR9, and to migrate into gut mucosal tissues (15, 39) . In this study, we showed that CD4 + T cells in PP-null mice maintained their migration capacity into the LP of the small intestine, whereas Helicobacter-specific CD4 + T cells in PP-null mice did not migrate into Helicobacter-colonized gastric mucosa. These results suggest that PP-DCs and/or MLN DCs derived from PP but not MLN DCs derived from the LP of small intestine are involved in the instruction of Helicobacter-specific CD4 + T cells to differentiate into the gastric mucosa-homing T h 1 cells.
Previous studies suggested that immune cells in PPs and LP of the small intestine have distinct roles in gastrointestinal immune responses. For instance, donor CD8 + T cell infiltration into host PPs is essential for T h 1-type responses in acute graft-versus-host diseases (14) . In contrast, the induction of oral tolerance for soluble antigens does not depend on PPs (40, 41) . In gastrointestinal infection, such as those by Salmonella typhimurium, Toxoplasma gondii and rotavirus, PP T cells produce IFN-c (42) (43) (44) (45) . Efficiency of T h 1-type protective immune responses against Eimeria vermiformis, a gut-residing apicomplexan parasite depends on the presence of PPs (46) . We demonstrated here that the induction of T h 1 cell-mediated gastritis in Helicobacter infection is also dependent on PPs. Therefore, PPs might be essential sites for the induction of T h 1 immune responses in the gastrointestinal infection by non-invasive type organism.
The finding that the production of anti-Helicobacter antibodies was severely impaired in PP-null mice indicates that PPs have a critical role in the systemic production of antiHelicobacter antibodies. Previous studies have reported that mucosal Ig responses to oral immunization for soluble antigens do not require PPs (40, 41, 47) . Therefore, taken together with our data, it is possible that PP-dependent and PP-independent mucosal Ig responses exist in the MALT system and that they have distinct roles in the gut mucosal immune responses to luminal soluble antigens and pathogens.
Helicobacter bacteria orally infect and then bind to epithelial cells of the gastric mucosa by multiple surface adhesion molecules and subsequently activate signal transduction molecules in the epithelial cells (3) (4) (5) (6) (7) . These direct interactions between Helicobacter and epithelial cells trigger the recruitment of neutrophils, resulting in acute inflammation of the gastric mucosa (1, 2, 8) . Inflammation of the gastric mucosa, however, persists and induces chronic gastritis in virtually all Helicobacter-infected humans and some of laboratory animals (1, 2, 21) . We demonstrated here that PP-null mice did not develop Helicobacter-induced chronic active gastritis despite marked bacterial colonization in the gastric mucosa. These findings might suggest that a local inflammatory process within the gastric mucosa directly induced by Helicobacter is dispensable for development of Helicobacter-induced chronic gastritis, whereas PPs in MALT of the intestine have an essential role in the development of chronic gastritis.
In conclusion, we demonstrated the indispensable roles of PPs in the host immune responses to Helicobacter infection, including the development of chronic gastritis. Although PPs are the most well-recognized secondary lymphoid organs in the intestine in both humans and mice, their distribution in the small intestine is different between humans and mice. PPs in mice are located on the antimesenteric border along the entire length of the small intestine, whereas in humans, PP structures are primarily clustered in the ileum (48, 49) . Thus, further studies are required to confirm that PPs in humans also have critical roles in determining the host immune response to Helicobacter infection. 
